The following changes were observed in hypophysectomized rats, 14 days after the operation: greatly reduced cardiac output, bradycardia, slight increase in total peripheral resistance, less work done by the left ventricle, low blood pressure, reduced respiratory rate and oxygen uptake, no change in blood volume and erythrocyte count. During an increased input or resistance load, the output and work of the heart rose greatly both in normal and in hypophysectomized rats. The maximum work which the heart did under these conditions, especially if the size of the heart was taken into consideration, was not significantly less in hypophysectomized than in normal rats. It is concluded that the low cardiac output after hypophysectomy is not primarily of cardiac origin.
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I N HYPOPHYSECTOMIZED rats Mc-
Queen-Williams and Thomson 1 found that the weight of the heart decreased. Hajdu and Beznak 2 corroborated this observation and noted that cardiac hypertrophy did not take place in hypophysectomized rats, however strongly the aorta was constricted. 3 The low blood pressure and abatement of hypertension after hypophyseetomy are well documented. 4 -9 Irrespective of whether these changes are due to the hypophysectomy per se or to the secondary atrophy of one or more endocrine glands, it seemed of interest to determine to what extent changes in cardiac output or peripheral resistance were responsible for them, and how the heart of hypophysectomized rats reacted to an increased load.
That hypophysectomy produced a marked and permanent fall in cardiac output and oxygen consumption was shown by White et al. 10 ' u in dogs. The author found no data in the literature dealing with this question in rats, which are the most frequently used animals for hypophysectomy work. Neither is anything known about the mechanism of circulatory changes occurring after hypophysectomy. Cardiac output, however, had been determined in normal rats by Blood, Smith and D'Amours, 12 in normal and adrenalectomized single and parabiotic rats by Hoelscher 13 and in normal rats during the development of cai'diac hypertrophy by Beznak. 14 Several publications stressed the difference in cardiac energetics according to whether the resistance load or the input load was varied 13 ' 10 (for further literature see 1 0 ) . Accordingly the technic used previously in normal rats 14 to increase input load on the heart by infusing polyvinylpryrolidone (PVP) into the right heart was extended in the present investigation to increase resistance load with pitressin and levarterenol. METHODS Male, albino rats, Wistar strain, 160 to 220 Gin. body weight, were used. The rats lived in individual cages and their food and water consumption were measured daily. Hypophysectomy was performed under ether anesthesia and the experiments 11 to 17 days later under pentobarbital anesthesia.
Blood coagulation was prevented by heparin: 3 mg./0.3 ml. was injected intravenously per rat. Cardiac output was determined on the basis of the direct Fick principle. A piece of no. 100 polyethylene tubing was introduced into the right heart through the right external jugular vein. The position of the catheter was verified at autopsy. In 13 normal and 12 hypophysectomized rats its tip was found in the right atrium, in the remaining 4 normal and 5 hypophysectomized rats in the right ventricle. When in the atrium the tip was generally near the atrioventricular border. If the catheter did not slip easily into the right ventricle, it was found better to leave it in this position to avoid undue damage to the heart. All experiments were discarded in which the catheter did not reach the lower part of the atrium or in which it entered into the inferior 17 The blood pressure was measured in the carotid artery with ix Hathaway gage, recorded photographically and heart rate calculated from these records. Total peripheral resistance (TPR) and work of the heart were calculated from output and blood pressure. Only the work of the left ventricle was considered and the kinetic factor was omitted. "Basal work" refers to the work done by the left ventricle before infusion was started, and "maximum work" to the maximum that could be reached in that particular experimental procedure. Cardiac output was expressed similarly as basal and maximum output. Oxygen consumption of the rat was measured with a microspiromcter and respiration was recorded with a Hathaway gage. Blood volume was determined with the Evans blue method, microhematocrit with the capillary method. Erythroeytes were counted and all rats autopsied after termination of the experi-ment. At this time the wet and dry weight of the total heart and of its different parts, 18 of the endocrine glands and body organs were determined. This report contains data of 17 normal and 17 hypophyseetomized rats in which all the described measurements were successfully achieved. The effect of infusing PVP into the right heart was established in 8 normal and 9 hypophyseetomized rats, the effect of intravenous infusion of pitressin in 5 normal and 4 hypophyseetomized rats and that of intravenous infusion of levarterenol in 4 normal and 4 hypophyseetomized rats. The statistical significance of the differences was checked by Student's t test. Table 1 shows the effect of hypophysectomy. Since the final body weight of the normal group was 203 ± 19 Gm. and that of the hypophyseetomized group 187 ± 17 Gm. cardiac output was also expressed per 100 Gm. body weight and per M.~ body surface. 19 Cardiac output dropped to half in hypophyseetomized rats (p < 0.001). The systolic output was 0.112 ± 0.026 ml. in normal and 0.088 ± 0.038 ml. in hypophyseetomized rats (p = 0.05). Cardiac work was diminished whether calculated per beat, per minute or per gram left ventricle per minute. A pronounced bradycardia (306 against 471) developed after hypophysectomy. TPR was higher in hypophyseetomized than in normal rats (p = 0.05). Blood volume was 6.8 ± 1.3 ml./ 100 Gm. body weight in normal and 7.2 ± 1.5 in hypophyseetomized rats, red cell count was 9.40 ± 0.82 million/mm. 3 in hypophyseetomized and 8.42 ± 0.99 million/mm. 3 in normal rats. Respiratory rate and oxygen uptake were significantly decreased after hypophysectomy (table 3) .
RESULTS

Effect of Hypophysectomy
Effect of Input-Load on Remodynamics
For infusion the original 37 per cent PVP solution (Poulenc) was diluted 1:4 with mammalian Ringer solution. It was infused into the right heart (as in earlier experiments 14 ) at a rate of 7.5 ml./5 min., called 1 infusion unit. Blood samples were taken before and after each infusion unit when the pump was stopped for 2 rain. Cardiac output was raised considerably by the infusion both in normal and in hypophysectomized rats. The maximum to which the output could be raised (irrespective of whether this occurred at the beginning or towards the end of the infusion) was 4.25 ± 0.96 L./min./M. 2 body surface in hypophysectomized and 5.76 ± 1.71 L./min./M. 2 in normal rats (p = 0.05) ( fig. 1 ). There was a gradual fall in heart rate during infusion in both groups: greater in normal rats which started at a higher value. TPR was much higher in this group of hypophysectomized rats than in normal, but fell immediately during infusion to the same low level. There was a small rise in blood pressure after the first infusion unit which affected systolic pressure only: the diastolic pressure had already started to fall at this time. Though the rise is not significant, it was considered a true rise because earlier, during the 5 min. infusion, the systolic pressure was still higher as observed on the cathode tube. Thus the values measured after 5 min. infusion and depicted on the graph corresponded to a time when the pressure had already started to fall. The differences in the absolute height of the blood pressure, notwithstanding its changes, were similar in normal and hypophysectomized rats. While most of the normal rats survived 6 infusion units, all hypophysectomized rats died after 4. Table 2 shows that the output aud work performance of the heart were less in hypophysectomized rats, but that both rose considerably during PVP infusion. The average maximum output per beat and maximum work reached during PVP infusion-if the smaller size of the hypophysectomized heart was taken into account-was not significantly less in hypophysectomized than in normal rats. 10 times more concentrated one and duration of infusion, speed and sampling were repeated as before.
The blood pressure rose immediately and was fairly well maintained during the first infusion ( fig. 2 ). Changing to a 10 times more concentrated solution, however, produced no further rise in pressure. The sudden rise in blood pressure at the beginning of the first infusion was due exclusively to the sharp rise in TPR, especially pronounced in the hypophysectomized group in which output fell significantly at this time. The increased blood pressure during the second half of the first infusion and during the second infusion, on the other hand, was due entirely to an increased cardiac output against a normal or just beloM' normal TPR. The heart rate decreased in both groups during the first 10 min. of pitressin infusion, after which there was no further change. Table 2 shows the smaller work performance of the hearts of hypophysectomized rats. The maximum cardiac work reached during pitressin infusion, however, was not significantly less in hypophysectomized than in normal rats. 
FIA. 2. Effect of pitrcssin infusion on cardiac output, heart rate, total peripheral resistance and blood pressure. Symbols as in figure 1.
Levarterenol.
A solution containing 1 /tig./ml. of this aniine was infused into the left femoral vein with a speed of 0.34 ml./ min for 10 min. Since the weight of the 4 normal and 4 hypophysectomized rats was kept very close to 210 Gm. in this series, each rat received 1.6 ^.g./Kg./min. (This was levarterenol bitartrate monohydrate, which corresponds to half of the base.) Samples were taken before, and at the second, fifth and tenth minute of infusion. The solution was then exchanged for a 10 times more concentrated one (16 /xg./Kg./min.), and then again for a 10 times more concentrated one (160 /.ig./Kg./min.). Sampling was done as described. All hypophysectomized rats survived 10 min. of infusion of 160 / x g./Kg./ min. levarterenol; all normal rats died during the first 2 to 3 min. of lung edema.
There was a sharp rise in blood pressure at the beginning of each infusion, which was, however, not maintained, in spite of the continuous infusion ( fig. 3 ). The rise of •H 111 hi . pressure after 1.6 and 16 /ig./Kg./min. levarterenol was due almost exclusively to an increased cardiac output and only 160 /xg./ Kg./min. caused a great rise in TPR, with a fall in cardiac output. In hypophysectomized rats which survived this infusion, TPR was reduced to nearly normal level and cardiac output rose. With this large dose the initial blood pressure rise was due to vasoconstrictiou, contrary to the one observed with smaller doses. The small changes in heart rate in normal and hypophysectomized rats during infusion were not significant, except the terminal fall in the hypophysectomized group.
The work performance of the heart showed similar changes to those occurring during pitressin infusion (table 2), i.e., the maximum work done under the influence of levarterenol was not significantly different in hypophysectomized and normal rats. DISCUSSION Since these data and those published by Hoelscher 13 are the only detailed ones in rats found in the literature, they are summarized in table 3, for comparison. Hoelscher also carried out determinations in adrenalectomized rats (2 to 3 days after the operation) ; these as well as the values for hypophysectomized rats described here, are also included in the table. Oxygen consumption, arteriovenous oxygen difference and cardiac output of normal rats are very similar in the 2 sets of determinations. The heart rate and systolic pressure of normal rats published by Hoelscher are, however, very much lower than ours. This maj' be due to differences in the rats, for such low values were never observed in this Department. Accordingly there is also a difference in the stroke volume. It is evident from the data that the fall in oxygen consumption and the bradycardia of hypophysectomized rats are not due to the diminished function of the adrenals. Though cardiac output is lower in adrenalectomized than in normal rats, hypophysectomy causes a much greater fall in output. This fall can be due only to a very small extent to the adrenals, since after hypophysectomy functioning adrenal tissue remains, yet cardiac output is significantly less than after total adrenalectomy. This is in agreement with earlier observations 20 -21 according to which the hypotension and cardiac atrophy of hypophysectomized rats could not be prevented by treatment with ACTH or adrenocortical hormones.
The experiments show that the cause for the low blood pressure after hypophysectomy is the deci'ease in cardiac output, while TPR remains either normal or even greater than normal. TPR varies greatly in hypophysectomized rats. This is shown by its great standard deviation (table 1) and by the circumstance that if small numbers of rats form a group, their mean TPR can be either around the normal value (figs. 2 and 3) or above it ( fig. 1 ). It is, however, certain that TPR of hypophysectomized rats is not below normal, thus the hypotension cannot be due to a lower TPR. Accordingly, the ratio TPR*: cardiac output is greater in hypophysectomized than in normal rats. The low minute output is mainly the consequence of bradycardia, though the output per beat is also slightly reduced.
The cause of the low output is not the inability of the heart to put out more. When forced to do work, either by increasing the input or the resistance load, the hearts of hypophysectomized rats can raise their minute output considerably. It seems that in hypophysectomized rats the output is low because some hemodynamic prerequisite of a higher output is absent. We have no direct information about venous return, but since the output was low and there were no signs of pulmonary congestion, it must have been reduced. The cause of the reduced venous return was not a decrease in blood volume, since this was found to be unchanged at this time after hypophysectomy. This is in agreement with the results of Berlin et al., 22 though in their experiments the blood volume per 100 gm. body weight (determined by the red cell dilution method using P 32labeled erythrocytes) was lower, it was unchanged 14 days after hypophysectomy and only decreased later. The venous return, however, could be reduced as a consequence of the slower circulation known to occur if the thyroids do not function, or the veins and capillaries may become atonic in the absence of thyroid, adrenal or posterior pituitary hormones. The capacitance of the venouscapillary bed would then be increased leading to the diminished venous return.
Crafts and Meineke 23 found that anemia was not the cause of the decreased oxygen uptake of hypophysectomized rats, because it remained low after the anemia had been relieved by blood transfusion in rats hypophysectomized 60 days earlier. This conclusion is born out very clearly by the present experiments, showing that the oxygen uptake was already greatly reduced early after hypophyseetomy, at a time when the number of erytlirocytes and the blood volume were still normal. It seems, therefore, that the first change after hypophyseetomy is the diminished oxygen need of the animal, leading to a slower circulation with pooling of blood. This is followed later by a reduction of blood volume and number of red cells.
The effect of PVP infusion in normal rats was discussed elsewhere 14 and the changes in hypophysectomized rats were qualitatively similar. In normal rats the basic output of 1.92 L./inin./M. 2 rose to a maximum of 5.75, thus to about 3 times the pre-infusion value. In hypophysectomized rats the much lower basic output of 0.82 L./min./M. 2 rose to a maximum of 4.25, a fivefold increase. The left ventricle of normal rats did 0.158 Kg. M. work/miu./Gm. left ventricle and the maximum work done during PVP reached 0.361 Kg. M. In hypophysectomized rats the work of the left ventricle under resting conditions was less than half the normal: 0.061 Kg. M. /min./Gni. left ventricle. The maximum reached during PVP was about 4 times this value, 0.254, not significantly different from that done by the left ventricle of normal rats under similar conditions. The highest outputs observed in these experiments, both in normal and in hypophysectomized rats, occurred during PVP infusion. The mechanism of the changes is very difficult to interpret. Most of the normal rats died only after 6 infusion units, and even hj'pophysectomized rats tolerated 4 units. Thus 45 or 30 ml. of fluid were infused into rats of about 200 Gm. body weight, i.e., 4 to 7 times their total plasma volume. As described earlier 14 most of the fluid left the circulatory system and was found as free fluid in the abdomen, intestines and bladder; the water content of all organs was also increased. Together with the infusion of this large volume, a continuous slow loss of blood occurred from the cut surfaces since the rats were heparinized. Accordingly severe anemia developed, which was probably the main contributory factor in the high outputs measured. The starting red cell count was down to 4.46 ± 0.55 X 10 c /mm. s in normal and to 4.17 ± 0.57 in hypophysectomized rats at the time when the highest output was measured. It has been shown that infusion of plasma expanders increased cardiac output much more by the resulting anemia than by hypervolemia. 24 " 27 In spite of these difficulties in the interpretation and the uncertainty as to the finer mechanism of the changes caused by PVP infusion, it leads to a great increase in cardiac output and work, not only in normal but also in hypophysectomized rats.
The amount of infused pitressin, 0.2 U./Kg./min. was in the range of dosage with which Friedman et al. 28 also obtained a wellsustained blood pressure rise in rats. The initial rise in pressure was due to a sudden rise in TPR, but the maintenance of pressure was due to the increased output. The maximum work done under the influence of pitressin-saline infusion was similar to that reached during PVP infusion: 0.333 Kg. M./min./Gm. left ventricle in the ease of normal and 0.312 in the case of hypophysectomized rats. It should be pointed out that saline infusion in itself might have played some role in the effect observed, though this was probably not large, because levarterenol infused in the same volume of saline and with the same speed caused a fall in cardiac output after the first 10 min.
Levy and Brind 2i) found that infusion of 1.4 to 8 jug./Kg./min. levarterenol in dogs caused an increase in cardiac output with no change in TPR. Similarly, in our experiments infusion of 0.8 /.ig./Kg./min. caused a not-maintained rise in blood pressure which was due exclusively to a rise in cardiac output. The transitory blood pressure rises following larger infusions of levarterenol outside the range of dosage used by Levy and Brind, M' ere due to a rise in TPR with cardiac output falling. The effect of this amine is due not only to its direct action on the heart, but also to a shift of blood from the peripheral veins. 30 -31 Gu3'ton et al. 32 showed that the rise in cardiac output after epinephrine was due to an increased venous return far more than to an increased ability of the heart to pump blood. The maximum work done during levarterenol infusion was again in the same order of magnitude as with PVP and pitressin: 0.327 Kg. M./min./Gm. left ventricle in normal and 0.272 in hypophysectomized rats. Since similar values were obtained with the three influences, it is possible that the maximum work a normal rat's left ventricle can do is about 0.35 Kg. M./min./ Gm. left ventricle. Due to the great scatter of the results, especially concerning maximum work performance of the heart, it cannot be stated with certainty that the values reached in hypophysectomized rats were the same as in normal rats, even though the mean values did not differ significantly. However, it seems to be established beyond doubt that the output and working ability of the heart of hypophysectomized rats can be raised considerably.
The results are compatible with the following hypothesis: The low blood pressure of hypophysectomized rats was caused by a decreased cardiac output. Since output was decreased, venous return must have been diminished. The hearts of hypophysectomized rats could raise their output considerably in experimental situations demanding an increased output; it is thus unlikely that the diminished venous return was a consequence of the weakness of the heart. Neither could it be due to hypovolemia because the blood volume was not diminished at this stage after hypophysectomy. It must thus be supposed that the capacitance of the venous-capillary bed had changed. The results are compatible with the working hypothesis-though they do not prove it-that the low cardiac output in hypophysectomized rats was due to a diminished venous return and not to the inability of the heart to do more work. The atrophy of the described after hypophysectomy 1 ' 2 would then also be due to a decreased demand made on the heart. This possibility has been shown to exist, since Beznak and Hajdu, 33 Hall, Hall and Ogden 34 found that the hearts of rats are capable of very quick mass changes. If this interpretation is correct and hemodynamic changes following hypophysectomy are primarily not of cardiac origin, the heart should be able to meet increased demands, yet, earlier experiments 3 showed that aortic constriction did not lead to cardiac hypertrophy and hypertension after hypophysectonxy. The most likely cause of this discrepancy is that the hormonal factor which leads to the reduced venous return remains uncorrected, thus even though the aorta is constricted, venous return and cardiac output do not increase. There also is experimental evidence 14 that the hypertension following aortic constriction in normal rats is a hypertensive disease for the development of which the pituitary is necessary. A further possibility besides these is that the ability of the hearts of hypophysectomized rats to meet increased demands is more restricted in time and extent than in normal rats. Thus Beznak 35 found that blood pressure changes following aortic constriction in hypophysectomized rats closely resembled those observed in normal rats for about 1 day, but after this time they differed.
SUMMARY
The low blood pressure of hypophysectomized rats was found to be due to a greatly decreased minute volume, with the total peripheral resistance slightly raised. The lower minute volume was mainly the consequence of bradycardia with only a small decrease in stroke volume. The work done by the left ventricle decreased from 1.72 X 10" 4 to 0.86 X 10-* Kg. M./beat 14 days after hypophysectomy. When forced to do more work, either by increasing the input-load or the resistance-load the hearts of hypophysectomized rats could raise their output and work to nearly the same level as the hearts of normal rats.
The oxygen uptake of hypophysectomized rats was already low at a time when blood volume and erythrocyte number were still within the normal range. The hypothesis is advanced that the diminished oxygen need of the animal first leads to a slower circulation and pooling of blood decreasing venous return, and the reduction of blood volume and erythrocyte count, described by others, only takes place much later. The hemodynamic changes observed after hypophysectomy are, therefore, primarily not of cardiac origin, the heart adapting itself to the lower demands.
SUMMABIO IN INTERLINGUA
Esseva constatate que le basse tension de sanguine in rattos hypophysectomisate es le expression de un grandemente reducite volumine per minuta, le qual es associate con un leve augmento del resistentia peripheric total. Le reducite volumine per minuta esseva priiicipalmente le effecto de bradyeardia, associate con solmente leve grados de reduction in le volumine per pulso. Le labor del ventrieulo sinistre decresceva ab .1,72 X 10~4 kg m a 0,86 X 10" 4 kg in per pulso 14 dies post le hypophysectomia. Quando le cordes de ratto esseva fortiate a laborar plus intensemente-per augmentar (1) le carga de entrata (infusion de polyvinylpyrrolidona in le corde dextere) o (2) le carga de resistentia (infusion de pitressiua o levarterenol)-illos se monstrava capace a augmentar lor rendiniento e lor labor quasi equalmente in le caso de rattos hypophysect.omisate eomo in le caso de rattos intacte.
Le acceptation de oxygeno in rattos hypophysectomisate esseA' a jam basse a un tempore quando le volumine de sanguine e le nurnero de erythrocytos se trovava intra le limites del norma. Es formulate le hypothese que le reducite requirimentos de oxygeno del parte del animal resulta primo in un releutate circulation e in un accumulation de sanguine con reduction del retorno venose e que le reduction del volumine de sanguine e del numero de erythrocytos (que ha essite reportate per altere autores) occurre inulto plus tarde. Isto significa que le alteratioues hemodynamie observate post hypophyseetornia es de origine primarimente non cardiac e que le corde se adapta solmente al previemente redueite requirimentos. 
